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(54) IMAGE FORMING APPARATUS

(57) An image forming apparatus includes: animage
forming unit for forming successive images and a pattern
image with developer on a transfer member, the succes-
sive images including a first image and at least one sec-
ond image subsequent to the first image; a conveying
unit for conveying a medium; a transfer unit for transfer-
ring the successive images on the transfer member onto
the medium; a detector for detecting the pattern image

on the transfer member; a controller for causing the im-
age forming unit to form the pattern image between the
first image and the at least one second image and form
the at least one second image on the transfer member
based on the detection of the pattern image by the de-
tector; and a separation unit for separating the transfer
member and the medium from each other to prevent the
pattern image from being transferred onto the medium.
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Description
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

[0001] The presentinvention relates to animage form-
ing apparatus and is preferably applied to, for example,
an electrophotographic image forming apparatus, such
as a printer, a facsimile machine, or a copier, having a
density correction function.

2. DESCRIPTION OF THE RELATED ART

[0002] There is a conventional image forming appara-
tus including: an image forming unit for forming an image
with developer, such as toner; a transfer unit for trans-
ferring the image (also referred to as the developer im-
age) formed by the image forming unit onto a recording
medium, such as a sheet of paper; and a conveying unit
including a belt for conveying the recording medium.
[0003] The conventionalimage forming apparatus per-
forms density correction by forming a test pattern (re-
ferred to below as the density correction pattern) for den-
sity correction on the conveying unit and reading the den-
sity correction pattern by a density correction sensor
when the image forming apparatus is started or between
print jobs (i.e., when no printing is performed).

[0004] Japanese Patent Application Publication No.
2006-227336 discloses an image forming apparatus in-
cluding a conveying member for conveying a recording
medium in a conveying direction, the conveying member
having a width (a length in a direction across the convey-
ing direction) greater than that of the recording medium;
an image forming unit for forming an image on the re-
cording medium; an image forming processor for causing
the image forming unit to form a density detection image
outside the recording medium on the conveying member;
a sensor for detecting the density of the density detection
image; and a density correction processor for performing
density correction based on the detected density. With
this configuration, when the image forming apparatus
prints on a long recording medium, such as a recording
medium web from a roll of recording medium or a paper
web from aroll of paper, it can perform density correction
during the printing.

[0005] However, the above image forming apparatus
forms the density detection image outside the recording
medium in the width direction of the recording medium
to perform density correction during printing. Thus, the
conveying member and image forming unit need to have
widths sufficiently greater than the width of the recording
medium. This increases the size of the image forming
apparatus.

SUMMARY OF THE INVENTION

[0006] An aspect of the present invention is intended
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to provide a small image forming apparatus capable of
forming a test pattern during printing.

[0007] According to an aspect of the presentinvention,
there is provided an image forming apparatus for forming
an image on a recording medium, including: an image
forming unit configured to form a plurality of successive
images and a test pattern image with developer on a
primary transfer member, the plurality of successive im-
ages including a first image and at least one second im-
age subsequent to the first image; a conveying unit con-
figured to convey the recording medium to bring the re-
cording medium into contact with the primary transfer
member; a secondary transfer unit configured to transfer
the plurality of successive images formed on the primary
transfer member onto the recording medium in contact
with the primary transfer member; a detector configured
to detect the test pattern image formed on the primary
transfer member; a controller configured to cause the
image forming unit to form the plurality of successive im-
ages in accordance with image data, the controller being
configured to cause the image forming unit to form the
test pattern image between the first image and the at
least one second image, the controller being configured
to cause the image forming unit to form the at least one
second image on the primary transfer member based on
the detection of the test pattern image by the detector;
and a transfer separation unit configured to separate the
primary transfer member and the recording medium from
each other and bring the primary transfer member and
the recording medium into contact with each other, the
transfer separation unit being configured to separate the
primary transfer member and the recording medium from
each other to prevent the test pattern image from being
transferred onto the recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the attached drawings:

FIG. 1 is a block diagram illustrating a configuration
of a printing system;

FIG. 2 is a side view illustrating a configuration of a
printing mechanism of an image forming apparatus;
FIG. 3 is a view illustrating operation of a transfer
separation mechanism and a fixing separation
mechanism;

FIG. 4 is a diagram illustrating multiple elementary
image data items obtained by dividing long image
data;

FIG. 5 is a diagram illustrating a configuration of im-
age data of a density correction pattern;

FIG.6is adiagramillustrating a configuration of proc-
essed image data;

FIG.7isaflowchartillustrating a procedure of a proc-
ess for preparing print data;

FIG. 8 is adiagram for explaining a distance between
a pattern image and a preceding elementary image
and a distance between a pattern image and a sub-
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sequent elementary image;

FIG. 9is aflowchartillustrating a procedure of a print-
ing process;

FIG. 10 is a diagram illustrating a configuration of
processed image data of a modification; and

FIG. 11 is a diagram illustrating a configuration of a
label web of another modification.

DETAILED DESCRIPTION OF THE INVENTION

[0009] An embodiment of the present invention will
now be described with reference to the attached draw-
ings.

<1. Configuration of printing system>

[0010] FIG. 1 illustrates a functional configuration of a
printing system 1 of this embodiment. The printing sys-
tem 1 includes a client personal computer (PC) 2 and an
image forming apparatus 3 connected to the client PC 2
viaanetwork orthe like. The client PC2 has an application
10 for generating image data and a driver 11 for giving
aprintinstruction to theimage forming apparatus 3, which
are installed in the client PC 2.

[0011] The driver 11 generates a print job including
image data generated by the application 10 and print
settings. The print settings include, for example, desig-
nation of a sheet size, designation of monochrome/color
printing, or the like. The print job is sent from the client
PC 2 to the image forming apparatus 3.

[0012] Theimage forming apparatus 3 includes a data
processor 20, a print processor 21, and a printing mech-
anism 36.

[0013] FIG. 2 schematically illustrates the printing
mechanism 36 of the image forming apparatus 3. In FIG.
2, the printing mechanism 36 includes a developing sec-
tion 40, a conveying unit 41, an intermediate transfer unit
43, and a fixing unit 44, which are arranged in a housing
60 of the image forming apparatus 3. The developing
section 40 includes multiple (e.g., four) developing units
40A, 40B, 40C, and 40D arranged in an upper portion of
the housing 60. The four developing units 40A, 40B, 40C,
and 40D are units corresponding to, for example, cyan,
magenta, yellow, and black, respectively. Each of the
developing units 40A, 40B, 40C, and 40D forms a devel-
oper image using a developer of the corresponding color
and transfers the developer image onto an intermediate
transfer belt 42 of the intermediate transfer unit 43. Spe-
cifically, each of the developing units 40A, 40B, 40C, and
40D includes a photosensitive drum 81 and a transfer
82, forms a developer image on the photosensitive drum
81 and transfers the developer image by the transfer roll-
er 82 from the photosensitive drum 81 to the intermediate
transfer belt 42. The developing units 40A, 40B, 40C,
and 40D sequentially transfer developer images onto the
intermediate transfer belt 42 in a superposed manner to
generate a color image, which is a developerimage con-
sisting of the four-color developer images.
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[0014] The intermediate transfer unit 43 is disposed
below the developing section 40. The intermediate trans-
fer unit 43 includes the intermediate transfer belt 42, an
intermediate transfer roller 61, a backup roller 62, belt
rollers 63A, 63B, and 63C, and a belt cleaner 64.
[0015] The intermediate transfer belt 42 is stretched
by the backup roller 62 and belt rollers 63A, 63B, and
63C in an inverted triangular shape with its upper side
flat and its lower side projecting downward. The interme-
diate transfer belt 42 has a flat portion on its upper side
and a projecting portion on its lower side. The interme-
diate transfer roller 61 is disposed outside the projecting
portion of the intermediate transfer belt 42. The backup
roller 62 is disposed inside the projecting portion of the
intermediate transfer belt 42. The intermediate transfer
roller 61 is disposed facing the backup roller 62. The in-
termediate transfer roller 61 and backup roller 62 form a
nip portion therebetween. The position of the nip portion
of the intermediate transfer unit 43 will be referred to as
the nip position T1.

[0016] The multiple developing units 40A, 40B, 40C
and 40D transfer (primary-transfer) developer images
onto anouter surface of the flat portion of the intermediate
transfer belt 42. The developer images thus transferred
onto the intermediate transfer belt 42 are conveyed by
the intermediate transfer belt 42 traveling or rotating
clockwise in FIG. 2 and transferred (secondary-trans-
ferred) onto a recording medium P when the recording
medium P passes through the nip portion. The recording
medium P is conveyed by the conveying unit 41 to the
nip portion as described later.

[0017] The beltcleaner 64 is disposed downstream (on
the left side in FIG. 2) of the nip portion of the intermediate
transfer belt 42 in a conveying direction of the developer
images and outside the intermediate transfer belt42. The
belt cleaner 64 is disposed at a predetermined position
(near the belt roller 63C located at one end of the flat
portion) between the nip portion and the flat portion. The
belt cleaner 64 removes developer remaining on the in-
termediate transfer belt 42.

[0018] Further, an image position sensor 50 is dis-
posed upstream (on the right side in FIG. 2) of the nip
portion of the intermediate transfer belt 42 in the convey-
ing direction of the developer images and outside the
intermediate transfer belt 42. The image position sensor
50 is disposed at a predetermined position (near the belt
roller 63B located at the other end of the flat portion)
between the nip portion and the flat portion. Further, a
density correction sensor 51 is disposed near and down-
stream of the image position sensor 50.

[0019] The conveying unit 41 is disposed below the
intermediate transfer unit 43. The conveying unit 41 in-
cludes a conveying belt 45 and belt rollers 65A and 65B.
The conveying belt 45 is stretched by the belt rollers 65A
and 65B in an oval shape with its upper and lower sides
flat. The conveying belt 45 travels or rotates counter-
clockwise in FIG. 2, thereby conveying the recording me-
dium P placed on its upper flat portion. Conveying rollers
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66A and 66B are disposed upstream of the conveying
belt 45 in a conveying direction (referred to below as the
medium conveying direction) of the recording medium P
so as to face each other. A direction across or perpen-
dicular to the medium conveying direction will be referred
to as a main-scanning direction. A direction parallel or
corresponding to the medium conveying direction will be
referred to as a sub-scanning direction. The recording
medium P is a paper web from a roll of paper. The re-
cording medium P is drawn from a roll of paper contained
in a container (not illustrated) and conveyed to the con-
veying belt 45 by the conveying rollers 66A and 66B or
the like.

[0020] The intermediate transfer roller 61 of the inter-
mediate transfer unit 43 is disposed on the inside of the
upper flat portion of the conveying belt 45. In the nip por-
tion, the intermediate transfer belt 42 and conveying belt
45 are in contact with each other between the interme-
diate transfer roller 61 and the backup roller 62. The re-
cording medium P passes through the nip portion while
sandwiched between the intermediate transfer belt 42
and the conveying belt 45. At this time, the developer
images transferred on the intermediate transfer belt 42
are transferred onto the recording medium P.

[0021] The fixing unit 44 is disposed downstream of
the nip portion of the intermediate transfer unit 43 in the
medium conveying direction. The fixing unit 44 includes
a fixing belt 47 heated by a heater and a pressure roller
48. The fixing belt 47 and pressure roller 48 are disposed
in contact with each other. The fixing unit 44 applies heat
and pressure to the recording medium P when the re-
cording medium P passes between the fixing belt 47 and
the pressure roller 48, thereby fixing the developer im-
ages to the recording medium P. Then, the recording
medium P is continuously discharged through an outlet
(not illustrated).

[0022] Further, the image forming apparatus 3 in-
cludes a transfer separation mechanism 46 and a fixing
separation mechanism 49 in the housing 60. The transfer
separation mechanism 46 includes, for example, a sole-
noid. The transfer separation mechanism 46 moves the
backup roller 62 in a direction away from the intermediate
transfer roller 61 (or a direction toward the inside of the
intermediate transfer belt 42) as illustrated in FIG. 3,
thereby separating the intermediate transfer belt 42 and
conveying belt 45 from each other.

[0023] If only the backup roller 62 is moved toward the
inside of the intermediate transfer belt 42, the tension of
the intermediate transfer belt 42 decreases. Thus, cor-
responding to the movement of the backup roller 62 in
the direction toward the inside of the intermediate transfer
belt 42, the image forming apparatus 3 moves the belt
rollers 63B and 63C, which stretch the intermediate trans-
fer belt 42, in directions toward the outside of the inter-
mediate transfer belt 42 by roller slide units 70 and 71,
respectively. Theroller slide units 70 and 71 eachinclude,
for example, a solenoid. Thereby, the tension of the in-
termediate transfer belt 42 can be kept constant. Since
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the belt cleaner 64 is disposed near the belt roller 63C,
the roller slide unit 71 slides or moves the belt cleaner
64 together with the belt roller 63C, for example.

[0024] The transfer separation mechanism 46 and roll-
er slide units 70 and 71 respectively return the backup
roller 62 and belt rollers 63B and 63C to their original
positions, thereby bringing the intermediate transfer belt
42 and conveying belt 45 into contact with each other
again.

[0025] The transfer separation mechanism 46 can
move the backup roller 62 in the direction away from the
intermediate transfer roller 61 when the recording medi-
um P has reached the nip portion, thereby separating the
intermediate transfer belt 42 from the recording medium
P.

[0026] The fixing separation mechanism 49 includes,
for example, a solenoid. The fixing separation mecha-
nism 49 moves the fixing belt 47 in a direction away from
the pressure roller 48, thereby separating the fixing belt
47 and pressure roller 48 from each other, as illustrated
in FIG. 3. Also, the fixing separation mechanism 49 re-
turns the fixing belt 47 to its original position, thereby
bringing the fixing belt 47 and pressure roller 48 into con-
tact with each other again. The fixing separation mech-
anism 49 can move the fixing belt 47 in the direction away
from the pressure roller 48 when the recording medium
P has reached the fixing unit 44, thereby separating the
fixing belt 47 from a print surface, which is a surface on
which developer images are transferred, of the recording
medium P and stopping application of heat and pressure
to the print surface of the recording medium P.

[0027] The image forming apparatus 3 further in-
cludes, in the housing 60, a medium sensor 72 for de-
tecting the recording medium P. The medium sensor 72
is disposed between the belt roller 65A of the conveying
unit 41 and the conveying roller 66B, for example.
[0028] Referring back to FIG. 1, the data processor 20
includes a data receiver 22, a data analyzer 23, and a
data editor 24. The data receiver 22 receives a print job
from the client PC 2.

[0029] The print job may include long image data LD
as the image data. The long image data LD represent a
long image LI. The long image data LD will be referred
to as the long image LD. A developer image formed
based on the long image LD will be referred to as a long
image LT. FIG. 4 illustrates the long images LD, LI, and
LT. The long image LD is to be printed on a continuous
recording medium, such as a paper web from a roll of
paper, longer in the medium conveying direction than
recording media of normal size (e.g., A4 size). The long
images LD, LI, and LT are long in the sub-scanning di-
rection as compared to image data or an image to be
printed on a recording medium of normal size. The sub-
scanning direction is indicated by arrow A in FIG. 4. In
this example, the long image LI consists of multiple iden-
tical elementary images Sl1, SI2,..., SIn (n is an integer
greater than 1) successively arranged in the sub-scan-
ning direction. The elementary images Sl1, SI2,..., SIn



7 EP 3 153 928 A1 8

will also be referred to as the elementary images Sl. The
elementary images Sl are, for example, label images.
[0030] The data analyzer 23 analyzes the image data
included in the print job received by the data receiver 22.
If the print job includes the long image LD as the image
data, the data analyzer 23 detects the boundaries be-
tween each adjacent pair of the elementary images Sl
and divides the long image LD into multiple elementary
image data items SDI, SD2,..., SDn. The elementary im-
age data items SD1, SD2,..., SDn respectively represent
or correspond to the elementary images Sl1, SI2,..., Sin.
The elementary image data items SD1, SD2,..., SDn will
be referred to as the elementary images SD1, SD2,...,
SDn. The elementary images SD1, SD2,..., SDn will also
be referred to as the elementary images SD. Developer
images formed based on the elementary images SD1,
SD2,..., SDn will be referred to as elementary images
ST1, ST2,..., STn, respectively. The elementary images
ST1, ST2,..., STn will also be referred to as the elemen-
tary images ST.

[0031] Further, the data analyzer 23 calculates an ac-
tual size (referred to below as the actual print size) of an
image obtained by printing the long image LD on a re-
cording medium, and determines, prior to printing, wheth-
er density correction needs to be performed during print-
ing depending on whether the actual print size exceeds
a predetermined threshold. The print settings included in
the print job may include an instruction to perform density
correction. In this case, according to the print settings,
the data analyzer 23 determines that density correction
needs to be performed.

[0032] The data editor 24 is a processor that edits data
based on the analysis of the image data by the data an-
alyzer 23. The data editor 24 includes a pattern generator
25 and a pattern combiner 26. The pattern generator 25
generates image data (or density correction pattern data)
PD of a density correction pattern necessary for density
correction. The image data PD represents a pattern im-
age Pl. The image data PD will be referred to as the
pattern image PD. A developer image formed based on
the patternimage PD will be referred to as a patternimage
PT. FIG. 5illustrates the pattern images PD, PI, and PT.
The pattern image Pl is, for example, an image in which
for each developer color, multiple rectangular images
with different densities are arranged in the sub-scanning
direction. The pattern image PD is image data for per-
forming density correction, and the pattern image PT
formed based on the pattern image PD is not to be trans-
ferred onto a recording medium. Thus, the image forming
apparatus 3 is configured to prevent the pattern image
PT from being transferred onto a recording medium.
[0033] If the data analyzer 23 determines that density
correction needs to be performed during printing, the pat-
tern combiner 26 inserts the patternimage PD generated
by the pattern generator 25 between adjacent two of the
multiple elementary images SD obtained by dividing the
long image LD, thereby combining the multiple elemen-
tary images SD with the pattern image PD to generate
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processed image data PGD consisting of the multiple
elementary images SD and pattern image PD. The proc-
essed image data PGD represent a processed image
PGI. The processed image data PGD will be referred to
as the processed image PGD. A developerimage formed
based on the processed image PGD will be referred to
as a processed image PGT. FIG. 6 illustrates the proc-
essed images PGD, PGI, and PGT. In the example of
FIG. 6, the pattern image PD is inserted between ele-
mentary images SD1 and SD2.

[0034] The processed image PGl has a non-transfer
region NTI between the elementary images SI1 and SI12.
The non-transfer region NTI includes no image to be
transferred onto the recording medium P. The pattern
image Pl is placed in the non-transfer region NTI after
the elementary image SI1 and before the elementary im-
age SlI2. A region corresponding to the non-transfer re-
gion NTI on the intermediate transfer belt 42 will be re-
ferred to as a non-transfer region NTB.

[0035] To makeit possible to easily distinguish the pat-
tern image PT from the elementary images ST, in the
processed image PGD or PGl, the pattern image PD or
Pl is spaced a first distance L1 from the rear end of the
elementary image SD1 or SI1 and spaced a second dis-
tance L2 from the front end of the elementary image SD2
or SI2. That is, the processed image PGD is generated
so that the pattern image PT is spaced the distance L1
from the rear end of the elementary image ST1 and
spaced the distance L2 from the front end of the elemen-
tary image ST2. The non-transfer region NTI includes
the region of the pattern image Pl and the other region,
which is colorless or blank and will be referred to as the
blank region BLI. A region corresponding to the blank
region BLI on the intermediate transfer belt 42 will be
referred to as a blank region BLB.

[0036] Referring back to FIG. 1, the print processor 21
includes a developing controller 27, a medium conveying
controller 28, a transfer controller 29, a fixing controller
30, atransfer separation controller 31, a fixing separation
controller 32, an image position detector 33, a pattern
detector 34, and a density corrector 35.

[0037] The developing controller 27 controls the devel-
oping section 40 (FIG. 2) in accordance with the print job.
The medium conveying controller 28 controls the con-
veying unit 41 (FIG. 2) for conveying the recording me-
dium P. The transfer controller 29 controls the interme-
diate transfer unit 43 (FIG. 2) for conveying, by the inter-
mediate transfer belt 42, developer images transferred
on the intermediate transfer belt 42 (FIG. 2) by the de-
veloping section 40 and transferring the developer imag-
es onto the recording medium P. The fixing controller 30
controls the fixing unit 44 (FIG. 2) for applying heat and
pressure to the recording medium P with developer im-
ages transferred thereon and thereby fixing the develop-
er images to the recording medium P.

[0038] The transfer separation controller 31 controls
the transfer separation mechanism 46 (FIG. 2) for sep-
arating the intermediate transfer belt 42 and conveying
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belt 45 from each other and bringing the separated inter-
mediate transfer belt 42 and conveying belt 45 into con-
tact with each other again. The fixing separation control-
ler 32 controls the fixing separation mechanism 49 (FIG.
2) for separating the fixing belt 47 and pressure roller 48
of the fixing unit 44 from each other and bringing the
separated fixing belt 47 and pressure roller 48 into con-
tact with each other again.

[0039] The image position detector 33 detects bound-
aries between the elementary images ST and pattern
image PT transferred on the intermediate transfer belt
42 based on output from the image position sensor 50,
which is disposed facing an outer surface of the interme-
diate transfer belt 42. In the example of FIG. 6, the image
position detector 33 detects a boundary T10 between the
elementary image ST1 and the blank region BLB and a
boundary T11 between the blank region BLB and the
elementary image ST2. The pattern detector 34 deter-
mines, as the pattern image PT, a developer image
formed after the boundary T10 detected by the image
position detector 33, and reads the developer image by
the density correction sensor 51, whichis disposed facing
the outer surface of the intermediate transfer belt 42, to
generate read pattern data.

[0040] Based on the read pattern data generated by
the pattern detector 34, for each color, the density cor-
rector 35 determines a density (referred to as the actual
density) of the developer image in the pattern image PT
transferred on the intermediate transfer belt 42, com-
pares the determined actual density with an optimum
density required for printing, and performs density cor-
rection on the developing section 40 so that the actual
density approaches the optimum density.

[0041] The functions of the data processor 20 and print
processor 21 may be implemented by one or more cir-
cuits, such as hard-wired circuits or programmable proc-
essors. For example, the image forming apparatus 3 in-
cludes a memory configured to store instructions or pro-
gram, and a processor configured to execute the instruc-
tions or program to perform the functions.

<2. Printing operation of image forming apparatus>

[0042] The printing operation of the image forming ap-
paratus 3 will be described below. In the printing opera-
tion, the image forming apparatus 3 performs a prepara-
tion process to prepare image data (or print data) to be
printed, and then performs a printing process based on
the print data.

[0043] The preparation process will be first described
with reference to the flowchart illustrated in FIG. 7. The
preparation process is performed by the data processor
20 of the image forming apparatus 3.

[0044] First, in step SP1, the data receiver 22 of the
data processor 20 receives a print job sent from the client
PC 2. The printjob includes print settings and image data,
as described above. Here, it is assumed that the printjob
includes the long image LD as the image data.
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[0045] Next, in step SP2, the data analyzer 23 of the
data processor 20 analyzes the long image LD included
in the print job received by the data receiver 22, divides
the long image LD into the elementary images SD, and
determines whether density correction needs to be per-
formed during printing, based on the actual print size of
the long image LD.

[0046] If the data analyzer 23 determines that no den-
sity correction need to be performed during printing (NO
in step SP2), the data processor 20 determines, as the
print data, the long image LD included in the print job,
ending the preparation process.

[0047] On the other hand, if the data analyzer 23 de-
termines that density correction needs to be performed
during printing (YES in step SP2), the data analyzer 23
obtains, in step SP3, the multiple elementary images SD
obtained by dividing the long image LD included in the
print job, as illustrated in FIG. 4.

[0048] Then, in step SP4, the pattern generator 25 of
the data processor 20 generates the pattern image PD
illustrated in FIG. 5. Then, in step SP5, the pattern com-
biner 26 of the data processor 20 combines the multiple
elementary images SD with the pattern image PD by in-
serting the pattern image PD between adjacent two (for
example, the elementary images SD1 and SD2) of the
multiple elementary images SD as illustrated in FIG. 6,
thereby generating the processed image PGD. The po-
sition in which the pattern image PD is inserted is deter-
mined by the data analyzer 23 based on the actual print
size of the long image LD.

[0049] At this time, the pattern image PD (or Pl) is in-
serted between the elementary images SD1 and SD2 (or
SI1 and SI2) so that the pattern image PD (or PI) is
spaced the distance L1 from the preceding elementary
image SD1 (or SI1) and spaced the distance L2 from the
subsequent elementary image SD2 (or SI2). The distanc-
es L1 and L2 are set as follows.

[0050] Thedistancel1is setsothatwhentherearend
of the preceding elementary image ST1 transferred on
and conveyed by the intermediate transfer belt 42 reach-
es the nip position T1 of the intermediate transfer unit
43, transfer of the patternimage PT onto the intermediate
transfer belt 42 has not yet been started. That is, the
distance L1 is setto be equal to or greater than a distance
corresponding to a distance L1x, illustrated in FIG. 8,
between the nip position T1 of the intermediate transfer
belt 42 and a transfer position T2 at which a developer
image is transferred from the developing unit 40A, by
which the pattern image PT is first transferred, onto the
intermediate transfer belt 42. The pattern combiner 26
generates the processed image PGD so that after com-
pletion of transfer of the elementary image ST1 onto the
recording medium P, transfer of the pattern image PT
onto the intermediate transfer belt 42 is started.

[0051] ThedistancelL2is setso thatwhentherearend
of the pattern image PT transferred on and conveyed by
the intermediate transfer belt 42 reaches a reading po-
sition T3, illustrated in FIG. 8, of the density correction
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sensor 51, formation of the subsequent elementary im-
age ST2 has not yet been started. That is, the distance
L2 is set to be equal to or greater than a distance corre-
sponding to a distance L2, illustrated in FIG. 8, between
the reading position T3 of the density correction sensor
51 and the transfer position T2. The pattern combiner 26
generates the processed image PGD so that after com-
pletion of detection of the pattern image PT by the density
correction sensor 51, formation of the elementary image
ST2 is started. The reason why the distances L1 and L2
are set as above will be described later.

[0052] As above, if the data analyzer 23 determines
that density correction needs to be performed during
printing (YES in step SP2), the data processor 20 gen-
erates the processed image PGD. Then, the data proc-
essor 20 sets the generated processed image PGD as
the print data, ending the preparation process.

[0053] In this example, the pattern image PD is insert-
ed in one position between the elementary images SD1
and SD2. However, depending on the actual print size,
the pattern image PD may be inserted in two or more
positions.

[0054] Next, the printing process to print the print data
prepared in the preparation process will be described
with reference to the flowchart illustrated in FIG. 9. The
printing process is performed by the print processor 21
of the image forming apparatus 3.

[0055] First, in step SP20, the print processor 21 per-
forms printing based on the print data. Specifically, the
developing controller 27, medium conveying controller
28, transfer controller 29, and fixing controller 30 of the
print processor 21 control the printing mechanism 36 to
print one of the multiple elementary images SD included
in the long image LD or processed image PGD so that
the multiple elementary images SD are printed in order.
[0056] At this time, the developing section 40 forms
developer images of the respective colors based on the
elementary image SD and transfers the developer imag-
es onto the intermediate transfer belt 42, thereby forming
an elementary image ST on the intermediate transfer belt
42. The elementary image ST is conveyed by the inter-
mediate transfer belt 42 to the nip position T1, and trans-
ferred onto the recording medium P conveyed by the con-
veying belt 45 at the nip position T1. The recording me-
dium P passes through the fixing unit 44, so that the trans-
ferred elementary image ST is fixed to the recording me-
dium P. As such, the image based on the elementary
image SD is printed on the recording medium P.

[0057] Next, in step SP21, the print processor 21 de-
termines whether printing of all the elementary images
SD included in the long image LD or processed image
PGD has been completed. If printing of all the elementary
images SD has been completed (YES in step SP21), the
print processor 21 ends the print process.

[0058] On the other hand, if printing of all the elemen-
tary images SD has not been completed (NO in step
SP21), the print processor 21 proceeds to step SP22. In
step SP22, the image position detector 33 of the print
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processor 21 determines whether it has detected a
boundary between an elementary image ST and the pat-
tern image PT. If no boundary has been detected (NO in
step SP22), the print processor 21 returns to step SP20
and prints the subsequent elementary image SD.
[0059] On the other hand, if a boundary (e.g., the
boundary T10 between the elementary image ST1 and
the pattern image PT illustrated in FIG. 6) has been de-
tected (YES in step SP22), the print processor 21 pro-
ceeds to step SP23. In step SP23, when the rear end of
the elementary image ST1 formed before the boundary
T10reaches the nip position T1 of the intermediate trans-
ferunit 43, the developing controller 27, medium convey-
ing controller 28, and transfer controller 29 stop operation
of the developing section 40, conveyance of the record-
ing medium P by the conveying belt 45, and movement
of the intermediate transfer belt 42. At this time, transfer
of the elementary image ST1 onto the recording medium
P has been completed. Since the pattern image PD or
Pl is spaced the distance L1 from the rear end of the
elementary image SD1 or SI1 as described above, no
pattern image PT has been transferred onto the interme-
diate transfer belt 42.

[0060] Next, in step SP24, the transfer separation con-
troller 31 drives the transfer separation mechanism 46
to separate the intermediate transfer belt 42 from the
recording medium P, as illustrated in FIG. 3. This is to
prevent the pattern image PT subsequent to the elemen-
tary image ST1 from being transferred onto the recording
medium P. Further, at this time, the fixing separation con-
troller 32 drives the fixing separation mechanism 49 to
separate the fixing belt 47 from the recording medium P,
as illustrated in FIG. 3. As such, in this embodiment, the
print processor 21 separates, from the recording medium
P, not only the intermediate transfer belt 42 but also the
fixing belt 47. This is because if the fixing belt 47 is left
in contact with the recording medium P while conveyance
of the recording medium P is stopped, the recording me-
dium P may be deformed or damaged by heat.

[0061] Next, instep SP25, the developing controller 27
and transfer controller 29 cause the developing section
40 and intermediate transfer belt 42 to operate so that
the developing section 40 forms a pattern image PT and
transfers the pattern image PT onto the intermediate
transfer belt 42. The pattern detector 34 detects and
reads the patternimage PT conveyed by the intermediate
transfer belt 42 to generate read pattern data. When the
rear end of the pattern image PT reaches the reading
position T3 of the density correction sensor 51, the read-
ing of the pattern image PT is completed. At this time,
since the elementary image SD2 or SI2 subsequent to
the pattern image PD or Pl is spaced the distance L2
from the rear end of the pattern image PD or Pl as de-
scribed above, no developer image based on the ele-
mentary image SD2 has been formed.

[0062] Next, in step SP26, based on the read pattern
data generated by the pattern detector 34, for each color,
the density corrector 35 performs density correction by
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calculating, as a density correction amount (or value), a
difference between the actual density and the optimum
density, and applies the correction result (i.e., density
correction amount) to the density of a developer image
formed by the developing section 40 by notifying the de-
veloping controller 27 of the correction result (i.e., density
correction amount), so that the density of a developer
image formed by the developing section 40 is corrected
to the optimum density.

[0063] Afterthe density correction, the developing sec-
tion 40 forms a developerimage (elementary image ST2)
based on the elementary image SD2 subsequent to the
pattern image PD, and transfers the elementary image
ST2 onto the intermediate transfer belt 42. Thus, the re-
sult of the density correction (or the density correction
amount for each color) is applied to or reflected in the
elementary image ST2 and subsequent developer imag-
es.

[0064] Next, in step SP27, when the front end of the
elementary image ST2 subsequent to the pattern image
PT reaches the nip position T1 of the intermediate trans-
fer belt 42, the developing controller 27 and transfer con-
troller 29 stop operation of the developing section 40 and
movement of the intermediate transfer belt 42. At this
time, the pattern image PT transferred on the intermedi-
ate transfer belt 42 has passed through the nip position
T1 without being transferred onto the recording medium
P.

[0065] The transfer separation controller 31 drives the
transfer separation mechanism 46 to bring the interme-
diate transfer belt 42 into contact with the recording me-
dium P again, and the fixing separation controller 32
drives the fixing separation mechanism 49 to bring the
fixing belt 47 into contact with the recording medium P
again. Then, the print processor 21 returns to step SP20
and restarts the printing of the elementary images SD.
Thus, the elementary images SD2, SD3,... are printed
on the recording medium P following the elementary im-
age SD1. Thus, the processed image PGl illustrated in
FIG. 6 is printed on the recording medium P except for
the non-transfer region NTI including the pattern image
Pl between the boundaries T10 and T11. That is, only
the elementary images Sl of the processed image PGI
are printed on the recording medium P.

[0066] As such, when the print data include the pattern
image PD (i.e., the print data are the processed image
PGD), the print processor 21 reads the patternimage PT
to perform density correction during the printing, and sep-
arates the intermediate transfer belt 42 from the record-
ing medium P to prevent the patternimage PT from being
printed on the recording medium P.

<3. Advantages>

[0067] As described above, when the image forming
apparatus 3 prints, on the recording medium P, animage
based on the long image LD requiring density correction
during printing, it divides the long image LD into the mul-
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tiple elementary images SD andinserts the patternimage
PD between adjacent two of the multiple elementary im-
ages SD, thereby generating the processed image PGD.
[0068] Then, while the image forming apparatus 3
prints an image based on the processed image PGD on
the recording medium P, it transfers the pattern image
PT based on the pattern image PD included in the proc-
essed image PGD onto the intermediate transfer belt 42
and performs density correction by reading the pattern
image PT by the density correction sensor 51. The image
forming apparatus 3 (or print processor 21) may correct
density of at least one of the elementary images ST sub-
sequent to the elementary image ST1 based on the de-
tection of the pattern image PT by the density correction
sensor 51. Further, to prevent the patternimage PT trans-
ferred on the intermediate transfer belt 42 from being
transferred onto the recording medium P, the image form-
ing apparatus 3 causes the pattern image PT to pass
through the nip position T1 of the intermediate transfer
unit 43 while the intermediate transfer belt 42 and record-
ing medium P are separated from each other.

[0069] The image forming apparatus 3 forms the pat-
tern image PT in a portion facing the recording medium
P on the intermediate transfer belt 42 and prevents the
patternimage PT from being transferred onto the record-
ing medium P by separating the intermediate transfer
belt42 and the recording medium P from each otherwhen
the pattern image PT passes through the nip position T1
of the intermediate transfer unit 43.

[0070] Thus, compared to animage forming apparatus
that includes an intermediate transfer belt having a width
greater than that of a recording medium and forms a pat-
ternimage on the intermediate transfer belt42in a portion
that does not face the recording medium, the image form-
ing apparatus 3 can perform density correction during
printing with the intermediate transfer belt 42 having a
narrow width. Thus, it is possible to provide an image
forming apparatus capable of performing density correc-
tion (or forming a density correction pattern image or test
pattern image) during printing and small in size as com-
pared to the conventional image forming apparatus.
[0071] The image forming apparatus 3 places the pat-
tern image PD (or PI) between the preceding elementary
image SD1 (or SI1) and the subsequent elementary im-
age SD2 (or SI2) so that the pattern image PD (or Pl) is
spaced the distance L1 from the elementary image SD1
(or SI1) and spaced the distance L2 from the elementary
image SD2 (or SI2). The distance L1 is set so that when
the rear end of the preceding elementary image ST1
reaches the nip position T1 of the intermediate transfer
unit 43, transfer of the pattern image PT onto the inter-
mediate transfer belt 42 has not yet been started.
[0072] This makes it possible to transfer the pattern
image PT onto the intermediate transfer belt 42 after the
rear end of the elementary image ST1 reaches the nip
position T1 of the intermediate transfer unit 43 and the
intermediate transfer belt 42 is separated from the re-
cording medium P. In the image forming apparatus 3,
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when the intermediate transfer belt 42 is separated from
the recording medium P, although the intermediate trans-
fer belt 42 is stopped, movement of the backup roller 62
and belt rollers 63B and 63C may swing the intermediate
transfer belt 42 or move the intermediate transfer belt 42
in the conveying direction. Thus, if the intermediate trans-
fer belt 42 and recording medium P are separated from
each other in the middle of the transfer of the pattern
image PT onto the intermediate transfer belt 42, the pat-
tern image PT may be transferred inaccurately. Inaccu-
rate transfer of the pattern image PT may lead to inac-
curate density correction.

[0073] The image forming apparatus 3 transfers the
pattern image PT onto the intermediate transfer belt 42
after separating the intermediate transfer belt 42 from
the recording medium P, so that the image forming ap-
paratus 3 can accurately transfer the pattern image PT
onto the intermediate transfer belt 42, resulting in accu-
rate density correction.

[0074] Thedistance L2 is setso that when the rear end
of the pattern image PT transferred on and conveyed by
the intermediate transfer belt 42 reaches the reading po-
sition T3 of the density correction sensor 51, formation
of the subsequent elementary image ST2 has not yet
been started. This makes it possible to perform density
correction based on the read pattern data and apply the
result of the density correction to the elementary image
ST2 immediately after the pattern image PT.

<4. Modifications>
<4-1. First modification>

[0075] In the above embodiment, the image forming
apparatus 3 applies the result of the density correction
to one or more elementary images ST subsequent to the
patternimage PT. This is notmandatory. The image form-
ing apparatus 3 (or print processor 21) may gradually
correct density of a plurality of the at least one elementary
image ST subsequent to the elementary image ST1
based on the detection of the pattern image PT by the
density correction sensor 51. Specifically, instead of sim-
ply applying the density correction amount, which is the
difference between the actual density and the optimum
density, to the elementary images ST subsequent to the
pattern image PT, the image forming apparatus 3 may
apply a density correction amount to the elementary im-
ages ST subsequent to the pattern image PT while in-
creasing the density correction amount by a given
amount (e.g., 5%) per elementary image ST so that the
density correction amount finally reaches atarget density
correction amount, which is the difference between the
actual density and the optimum density. Specifically, the
image forming apparatus 3 may apply a density correc-
tion amount to the elementary images ST subsequent to
the pattern image PT while increasing the density cor-
rection amount by a given amount in such a manner as
to apply 5% of the target density correction amount to
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the elementary image ST2 subsequent to the pattern im-
age PT, 10% of the target density correction amount to
the subsequent elementary image ST3, 15% of the target
density correction amount to the subsequent elementary
image ST4,...

[0076] This can prevent a situation where the density
ofthe elementaryimage ST1immediately before the den-
sity correction is greatly different from the density of the
elementary image ST2 immediately after the density cor-
rection, resulting in uncomfortable printimages. Also, the
image forming apparatus 3 may apply a density correc-
tion amount to the elementary images ST subsequent to
the pattern image PT while increasing the density cor-
rection amount by a given amount only if the target den-
sity correction amount, which is the difference between
the actual density and the optimum density, exceeds a
predetermined threshold (i.e., only if the target density
correction amount is great).

<4-2. Second modification>

[0077] In the above embodiment, the pattern image
PD (or PI) is placed between the preceding elementary
image SD1 (or SI1) and the subsequent elementary im-
age SD2 (or ST2) so that the pattern image PD (or Pl) is
spaced the distance L1 from the elementary image SD1
(or SI1) and spaced the distance L2 from the elementary
image SD2 (or ST2). However, the distances L1 and L2
may be decreased as compared to the above embodi-
ment. Merely to allow the pattern image PT to be distin-
guished from the preceding and subsequent elementary
images ST1 and ST2, it is sufficient to provide blank por-
tions for distinguishing them.

[0078] For example, as illustrated in FIG. 10, the dis-
tance L1 between the pattern image PD (or Pl) and the
preceding elementary image SD1 (or SI1) may be set to
a minimum distance required to distinguish the pattern
image PT and the preceding elementary image ST1; the
distance L2 between the pattern image PD (or Pl) and
the subsequent elementary image SD2 (or SI2) may be
set to a minimum distance required to distinguish the
pattern image PT and the subsequent elementary image
ST2. This can reduce the length of the processed image
PGD (or PGI) in the sub-scanning direction (or medium
conveying direction) indicated by arrow A in FIG. 10,
thereby reducing print time as compared to the above
embodiment.

[0079] However, ifthe distance L1 is too small, the pat-
tern image Pl is located shortly after the preceding ele-
mentary image Sl1, so the intermediate transfer belt 42
may be separated from the recording medium P in a state
where the pattern image PT is halfway transferred onto
the intermediate transfer belt 42, for example. Thus,
when accuracy of density correction is given more priority
than reduction in print time, the distance L1 is desirably
set to the distance described in the above embodiment.
The length of the pattern image PD or Pl in the sub-scan-
ning direction (or medium conveying direction) may be
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setso thatwhentherearend of the preceding elementary
image ST1 reaches the nip position T1 of the intermediate
transfer unit 43, transfer of the pattern image PT onto the
intermediate transfer belt 42 has been completed. This
can prevent a situation where the intermediate transfer
belt 42 is separated from the recording medium P in a
state where the pattern image PT is halfway transferred
onto the intermediate transfer belt 42, and can reduce
print time while ensuring accuracy of density correction.
[0080] If the distance L2 is too small, the subsequent
elementary image SI2 is located shortly after the pattern
image PI, so the result of the density correction cannot
be applied to the elementary image SI2 subsequent to
the patternimage PT and can be applied only to elemen-
tary images ST formed after completion of reading of the
pattern image PT. Thus, if the result of the density cor-
rection should be applied to the elementary image ST2
immediately after the pattern image PT, the distance L2
is desirably set to the distance described in the above
embodiment. Also in this case, it is possible to apply a
density correction amount to the elementary images ST
while increasing the density correction amount by a given
amount per image.

<4-3. Third modification>

[0081] In the above embodiment, the image forming
apparatus 3 separates the intermediate transfer belt 42
from the recording medium P by moving the backup roller
62 in the direction toward the inside of the intermediate
transfer belt 42 and moving the belt rollers 63B and 63C
in the directions toward the outside of the intermediate
transfer belt 42. However, how to separate the interme-
diate transfer belt 42 from the recording medium P is not
limited to this. For example, the image forming apparatus
3 may move the backup roller 62 in a direction toward
the inside of the intermediate transfer belt 42 and move
one of the belt rollers 63B and 63C in a direction toward
the outside of the intermediate transfer belt 42.

[0082] Further, for example, the image forming appa-
ratus 3 may include a transfer separation unit (not illus-
trated) for moving the entire intermediate transfer unit 43
except for the intermediate transfer roller 61 in a direction
(upward direction) away from the conveying belt 45 and
intermediate transfer roller 61, and move the entire inter-
mediate transfer unit 43 except for the intermediate trans-
fer roller 61 by the transfer separation unit to separate
the intermediate transfer belt 42 from the recording me-
dium P. Since the developing section 40 is disposed
above the intermediate transfer unit 43, the transfer sep-
aration unit desirably moves the developing section 40
togetherwith the intermediate transfer unit43 inthe same
direction.

[0083] The image forming apparatus 3 may include a
transfer separation unit for moving the conveying unit 41
and intermediate transfer roller 61 in a direction (down-
ward direction) away from the intermediate transfer belt
42 and backup roller 62 without moving the intermediate
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transfer belt 42, and separate the recording medium P
from the intermediate transfer belt 42 by means of this
transfer separation unit.

[0084] In the above embodiment, the image forming
apparatus 3 separates the fixing belt 47 from the record-
ing medium P by moving the fixing belt 47 of the fixing
unit 44 in the direction (upward direction) away from the
pressure roller 48. However, how to separate the fixing
belt 47 from the recording medium P is not limited to this.
The image forming apparatus 3 may include a fixing sep-
aration unitfor moving both the fixing belt47 and pressure
roller 48 away from each other and separate the fixing
belt 47 from the recording medium P by means of this
fixing separation unit.

[0085] Further, for example, when the image forming
apparatus 3 includes the transfer separation unit for mov-
ing the conveying unit 41 and intermediate transfer roller
61 in the direction (downward direction) away from the
intermediate transfer belt 42 and backup roller 62, as
described above, the image forming apparatus 3 may
include a fixing separation unit for moving the pressure
roller 48 in a direction (downward direction) away from
the fixing belt 47.

<4-4. Fourth modification>

[0086] In the above embodiment, when the image
forming apparatus 3 detects the boundary between the
elementary image ST1 and the pattern image PT, it waits
until the rear end of the elementary image ST1 preceding
the pattern image PT reaches the nip position T1 of the
intermediate transfer unit 43; when the rear end reaches
the nip position T1, the image forming apparatus 3 stops
the printing, separates the intermediate transfer belt 42
from the recording medium P, and separates the fixing
belt 47 from the recording medium P.

[0087] However, this is not mandatory, and for exam-
ple, when the rear end of the elementary image ST1
reaches the nip position T1 of the intermediate transfer
unit 43, the image forming apparatus 3 may separate the
intermediate transfer belt 42 and recording medium P
from each other while leaving the fixing belt 47 and re-
cording medium P in contact with each other. At this time,
adeveloperimage (referred to as the non-fixed developer
image) that has not been fixed exists on the recording
medium P between the fixing unit 44 and the nip position
T1 of the intermediate transfer unit 43.

[0088] After separating the intermediate transfer belt
42 and recording medium P from each other, the image
forming apparatus 3 may operate as follows. The image
forming apparatus 3 conveys again the recording medi-
um P to fix the non-fixed developer image on the record-
ing medium P by the fixing unit 44. Upon completion of
the fixing of the non-fixed developer image, the image
forming apparatus 3 stops the conveyance of the record-
ing medium P and separates the fixing belt 47 and re-
cording medium P from each other. After that, the image
forming apparatus 3 conveys the recording medium P in
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the reverse direction back to the former position (i.e., the
position where the rear end of the elementary image ST1
transferred on the recording medium P is just below the
nip position T1 of the intermediate transfer unit 43) and
stops the conveyance of the recording medium P again.
[0089] While performing density correction with the in-
termediate transfer belt 42 and recording medium P sep-
arated from each other, the image forming apparatus 3
may fix the non-fixed developer image on the recording
medium P by the fixing unit 44. Immediately after the
fixing belt 47 is brought into contact with the recording
medium P again, the fixing unit 44 may be unable to suf-
ficiently fix developer due to insufficient heating of the
recording medium P. By fixing the non-fixed developer
image on the recording medium P by the fixing unit 44
before separating the fixing belt 47 from the recording
medium P, as described above, the non-fixed developer
image on the recording medium P can be fixed appropri-
ately. A developer image transferred onto the recording
medium P after the fixing belt 47 is brought into contact
with the recording medium P again takes time to reach
the fixing unit 44 and thus can be fixed sufficiently.

<4-5. Fifth modification>

[0090] In the above embodiment, the image forming
apparatus 3 prints the long image LT on the paper web
from a roll of paper as a continuous recording medium.
However, the continuous recording medium is not limited
to this. The image forming apparatus 3 may continuously
or successively convey multiple recording media of nor-
mal size (e.g., A4 size) and continuously or successively
print images of multiple pages on the multiple recording
media. Also, the image forming apparatus 3 may contin-
uously or successively print the same image on a label
web (e.g., label paper web) as a continuous recording
medium.

[0091] An exemplary case where the image forming
apparatus 3 prints on a label web 100 as illustrated in
FIG. 11 will be briefly described. The label web (e.g.,
label paper web) 100 consists of a liner (or backing sheet)
101 and multiple labels (or stickers) 102 arranged on the
liner 101 in the medium conveying direction at predeter-
mined intervals. The labels 102 have a predetermined
shape (e.g., a rectangular shape). In this case, each of
the labels 102 is a print region in which an image is to be
printed. For example, the elementary images ST are
printed on the labels 102 on a one-to-one basis.

[0092] Inthiscase, theimage forming apparatus 3 con-
trols the transfer separation mechanism 46 and convey-
ing unit41 to separate the labelweb 100 and intermediate
transfer belt 42 from each other and bring them into con-
tact with each other again when the nip position T1 of
the intermediate transfer unit 43 is located near the mid-
dle of a portion (i.e., a non-print region extending in a
direction across the medium conveying direction) on the
liner 101 between adjacent two labels 102. This makes
it possible to prevent an excessive load from being ap-
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plied to the labels 102 when the intermediate transfer
belt 42 and label web 100 are separated from each other
and brought into contact with each other again, thereby
preventing defects, such as separation of the labels 102.
To locate a non-print region between adjacent two labels
102 just below the nip position T1, after detecting a non-
print region between adjacent two labels 102 by the me-
dium sensor 72 illustrated in FIG. 2, the image forming
apparatus 3 may convey the recording medium P by a
predetermined amount (or the distance from the detec-
tion position of the medium sensor 72 to the nip position
T1).

<4-6. Sixth modification>

[0093] In the above embodiment, the image forming
apparatus 3 performs density correction during printing
by transferring the patternimage PT, whichis anexample
of a test pattern, onto the intermediate transfer belt 42.
However, the image forming apparatus 3 may perform
other types of corrections during printing. For example,
the image forming apparatus 3 may transfer, onto the
intermediate transfer belt 42, position correction patterns
for correcting displacement of images transferred onto
the intermediate transfer belt 42 and read the position
correction patterns to perform displacement correction
during printing. To correct the displacement, the image
forming apparatus 3 may correct positions of developer
images formed on the photosensitive drums 81 of the
developing section 40.

<4-7. Seventh modification>

[0094] Inthe above embodiment, if the actual print size
of the long image LD exceeds the predetermined thresh-
old, the image forming apparatus 3 performs density cor-
rection during printing of the long image LD. However,
the condition for performing density correction during
printing is not limited to this, and may be another condition
or a combination of multiple conditions.

<4-8. Eighth modification>

[0095] Inthe above embodiment, the presentinvention
is applied to the image forming apparatus 3 having the
configuration illustrated in FIGs. 1 and 2. However, the
present invention is applicable to other image forming
apparatuses using a secondary transfer system that
transfers an image onto an intermediate transfer belt or
member and then transfers the image onto a recording
medium. Specifically, the present invention is applicable
to various image forming apparatuses, such as printers,
facsimile machines, or multi-function products (MFPs).

<4-9. Ninth modification>

[0096] In the above embodiment, the image forming
apparatus 3 has the intermediate transfer belt 42 as a
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primary transfer member. However, the primary transfer
member is not limited to this, and may be other members
on which developer images can be formed (or trans-
ferred). Further, in the above embodiment, the image
forming apparatus 3 has the developing section 40 as an
image forming unit for forming multiple successive de-
veloper images on the primary transfer member. How-
ever, the image forming unit is not limited to this, and
may be other units capable of forming multiple succes-
sive developer images on the primary transfer member.
Further, in the above embodiment, the image forming
apparatus 3 has the developing controller 27 and density
corrector 35 as a controller for controlling the developing
section 40 as the image forming unit in accordance with
the long image LD or processed image PGD as image
data and performing density correction. However, the
controller is not limited to this, and may be other units
capable of controlling the image forming unit and per-
forming density correction.

[0097] Further, in the above embodiment, the image
forming apparatus 3 has the pattern detector 34 and den-
sity correction sensor 51 as a detector for detecting a
developerimage formed on the primary transfer member.
However, the detector is not limited to this, and may be
other detectors capable of detecting a developer image
formed on the primary transfer member. Further, in the
above embodiment, the image forming apparatus 3 has
the intermediate transfer roller 61 and backup roller 62
as a secondary transfer unit for transferring a developer
image formed on the primary transfer member onto a
recording medium. However, the secondary transfer unit
is not limited to this, and may be other units capable of
transferring a developer image formed on the primary
transfer member onto a recording medium.

[0098] Further, in the above embodiment, the image
forming apparatus 3 has the transfer separation control-
ler 31 and transfer separation mechanism 46 as atransfer
separation unit for separating the primary transfer mem-
ber and the recording medium from each other and bring
the primary transfer member and the recording medium
into contact with each other. However, the transfer sep-
aration unit is not limited to this, and may be other units
capable of separating the primary transfer member and
the recording medium from each other and bring the pri-
mary transfer member and the recording medium into
contact with each other. For example, the transfer sep-
aration mechanism 46 may use a mechanism other than
the solenoid. Further, in the above embodiment, the im-
age forming apparatus 3 has the fixing belt 47 as a heat-
ing unit for heating a developer image transferred on a
recording medium. However, the heating unit is not lim-
ited to this, and may be other units capable of heating a
developerimage transferred on a recording medium. Fur-
ther, in the above embodiment, the image forming appa-
ratus 3 has the fixing separation controller 32 and fixing
separation mechanism 49 as a fixing separation unit for
separating the heating unit and the recording medium
from each other and bringing the heating unit and the
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recording medium into contact with each other. However,
the fixing separation unit is not limited to this, and may
be other units capable of separating the heating unit and
the recording medium from each other and bringing the
heating unit and the recording medium into contact with
each other. For example, the fixing separation mecha-
nism 49 may use a mechanism other than the solenoid.

<4-10. Tenth modification>

[0099] The presentinvention is notlimited to the above
embodiment or modifications. The present invention also
covers all possible combinations or subsets of features
of the above embodiment and modifications. The present
invention can be practiced in various other aspects with-
out departing from the inventive scope.

[0100] The presentinvention can be widely applied to
image forming apparatuses having density correction
functions.

Claims

1. Animage forming apparatus (3) for forming animage
on a recording medium (P), comprising:

an image forming unit (40) configured to form a
plurality of successive images and a test pattern
image with developer on a primary transfer
member (42), the plurality of successive images
including a first image and at least one second
image subsequent to the first image;

a conveying unit (41) configured to convey the
recording medium (P) to bring the recording me-
dium (P) into contact with the primary transfer
member (42);

a secondary transfer unit (61) configured to
transfer the plurality of successive images
formed on the primary transfer member (42) on-
to the recording medium (P) in contact with the
primary transfer member (42);

a detector (51) configured to detect the test pat-
tern image formed on the primary transfer mem-
ber (42);

a controller (21) configured to cause the image
forming unit (40) to form the plurality of succes-
sive images in accordance with image data, the
controller (21) being configured to cause the im-
age forming unit (40) to form the test pattern
image between the first image and the at least
one second image, the controller (21) being con-
figured to cause the image forming unit (40) to
form the at least one second image on the pri-
mary transfer member (42) based on the detec-
tion of the test pattern image by the detector
(51); and

a transfer separation unit (46) configured to sep-
arate the primary transfer member (42) and the
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recording medium (P) from each other and bring
the primary transfer member (42) and the re-
cording medium (P) into contact with each other,
the transfer separation unit (46) being config-
ured to separate the primary transfer member
(42) and the recording medium (P) from each
other to prevent the test pattern image from be-
ing transferred onto the recording medium (P).

2. The image forming apparatus (3) of claim 1, further

comprising:

aheating unit (47) configured to heat the plurality
of successive images transferred onto the re-
cording medium (P) in contact with the recording
medium (P); and

a fixing separation unit (49) configured to sepa-
rate the heating unit (47) and the recording me-
dium (P) from each other and bring the heating
unit (47) and the recording medium (P) into con-
tact with each other, the fixing separation unit
(49) being configured to, when the transfer sep-
aration unit (46) separates the primary transfer
member (42) and the recording medium (P) from
each other, separate the heating unit (47) and
the recording medium (P) from each other.

3. The image forming apparatus (3) of claim 1 or 2,

wherein:

the controller (21) is configured to provide a non-
transfer region between the first image and the
at least one second image on the primary trans-
fer member (42) and cause the image forming
unit (40) to form the test pattern image in the
non-transfer region, the non-transfer region be-
ing a region in which no image to be transferred
onto the recording medium (P) is formed, and
the transfer separation unit (46) is configured to,
when the non-transfer region provided on the
primary transfer member (42) comes into con-
tact with the recording medium (P), separate the
primary transfer member (42) and the recording
medium (P) from each other to prevent the test
pattern image from coming into contact with the
recording medium (P).

The image forming apparatus (3) of any one of claims
1 to 3, wherein the controller (21) is configured to
cause the image forming unit (40) to form the test
pattern image between the first image and the at
least one second image if a predetermined condition
is satisfied.

The image forming apparatus (3) of any one of claims
1 to 4, wherein:

the test patternimage is a density correction pat-
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tern image for correcting density of an image
formed by the image forming unit (40), and

the controller (21) is configured to perform den-
sity correction based on the detection of the den-
sity correction pattern image by the detector (51)
and apply a result of the density correction to
the at least one second image.

The image forming apparatus (3) of claim 5, wherein
the controller (21) is configured to apply the result of
the density correction to at least one of the at least
one second image formed on the primary transfer
member (42) after the density correction.

The image forming apparatus (3) of claim 5 or 6,
wherein the controller (21) is configured to obtain a
target density correction amount as the result of the
density correction and apply a density correction
amountto a plurality of the at least one second image
while increasing the density correction amount by a
given amount per image so that the density correc-
tion amount finally reaches the target density correc-
tion amount.

Theimage forming apparatus (3) of any one of claims
5 to 7, further comprising a data editor (24) config-
ured to divide the image data into a plurality of suc-
cessive image dataitems including a firstimage data
item and at least one second image data item, and
generate processed image data including the plural-
ity of successive image data items and density cor-
rection pattern data placed between the first image
data item and the at least one second image data
item, the plurality of successive image data items
corresponding to the plurality of successive images,
the first image data item corresponding to the first
image, the at least one second image data item cor-
responding to the at least one second image, the
density correction pattern data corresponding to the
density correction pattern image,

wherein the controller (21) is configured to cause the
image forming unit (40) to form the plurality of suc-
cessive images and the density correction pattern
image between the first image and the at least one
second image on the primary transfer member (42)
in accordance with the processed image data.

The image forming apparatus (3) of claim 8, wherein
the data editor (24) is configured to space the first
image data item and the density correction pattern
data from each other and space the density correc-
tion pattern data and the at least one second image
data item from each other.

The image forming apparatus (3) of claim 8 or 9,
wherein the data editor (24) is configured to space
the first image data item and the density correction
pattern data from each other so that when transfer
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of the first image onto the recording medium (P) is
completed, formation of the density correction pat-
tern image on the primary transfer member (42) has
not been started.

The image forming apparatus (3) of any one of claims
8 to 10, wherein the data editor (24) is configured to
space the density correction pattern data and the at
least one second image data item from each other
so that detection of the density correction pattern
image by the detector (51) is completed, formation
of the at least one second image has not been start-
ed.

The image forming apparatus (3) of any one of claims
1 to 11, wherein:

the recording medium (P) includes a non-print
region extending in a direction across a direction
in which the recording medium (P) is conveyed,
the non-print region being a region in which no
image is to be printed, and

the transfer separation unit (46) is configured to
separate the primary transfer member (42) and
the recording medium (P) from each other when
the non-printregion of the recording medium (P)
and the primary transfer member (42) are in con-
tact with each other.
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FIG. 2
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FIG. 5
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